Introduction
Throughout the whole operational phase of a means of transport operated under the 'human being -means of transport' scheme, failures (or crashes) may occur and result in serious consequences, severe damages included.
Failures are usually effected by human errors or result from damages to structural components of the means of transport. The wear-and-tear, fatigue, and ageing processes, i.e. destructive processes that affect any means of transport while in service, have their strong impact on the systems and may cause failures thereto.
Failures and damages due to fatigue of structures or wear-and-tear processes affecting them occur only rarely, but effects thereof may prove far-reaching. Human errors and engineering damages to structures provoke conditions condu-cive to failures, and even crashes, both resulting in severe consequences. The primary objective of system designers and operators is to prevent such situations. Therefore, the notion of risk that such a situation may occur has been introduced.
It is generally assumed that the risk is the product of probability that an undesirable event will occur and a measure of its effects:
where: P -probability that an undesirable event will occur, S -a measure of effects of the undesirable event.
While a means of transport remains in service, the probability that an undesirable event will occur, i.e. the risk keeps growing due to destructive processes affecting it. Therefore, there is such a period of time in the system's service life when the risk is acceptable.
Hence, our objective is to develop a method that would allow us to determine relationship between the growth of the probability that an undesirable event will occur and the time of the system's service. To reach this objective, we have used the model presented in [2] . In our paper the model discussed in [2] has been supplemented and extended.
Determination of the probability of an undesirable event
What we assume is that in any means of transport there are locations where effects of destructive processes accumulate due to operational use of the system. We also assume that among locations where there is a build-up of effects of destructive processes there is a leading one, and it is in this exact location that an undesirable event may occur for engineering reasons or due to improper behaviour/actions by the operator. Fig. 1 shows a diagram illustrating the process of destructive effects accumulating up to the initiation of an undesirable event in the course of service of the means of transport in question. The relaxation failures are originated in the way presented in this figure. Let ψ be a parameter used to measure accumulated effects of destructive processes at some selected location. Therefore, we can assume ψ to be a predictive parameter to assess possibility that an undesirable event will occur. So, discretisation of the predictive parameter ψ is carried out in the following way:
All these points will be termed 'states of the process of degradation effects that build up in the course of service life of the structure under analysis'. It is assumed that these locations prove conducive to an undesirable event to occur and result in a failure to the means of transport. As the state
builds up (accumulates), the probability increases that the undesirable event (failure) will occur. Figure 2 illustrates the building-up (accumulation) of the effects of degradation processes in the course of service. This means the ever higher level (state) is reached. It is assumed that while working, the means of transport follows the cyclic pattern throughout its service life. The probability that a work cycle is accomplished by the means of transport in question is a factor that forces some change in the state: λΔt , where λ denotes the rate of using the means of transport, and Δt -the average time of performing a work cycle by this means of transport. In each state
there is a probability that an undesirable event (failure) will occur:
where: μ 0 -intensity of the capacity of an undesirable event to occur at initial time instant, μ k -intensity of the capacity of an undesirable event to occur, which depends on the state
h -an average value of an increment in the diagnostic parameter in time Δt (an increment in effects of destructive processes affecting the structure),
λΔt -probability of performing a work cycle by the means of transport in time Δt .
Let ( ) k P t denote probability that at time instant t some value of the diagnostic parameter will reach the state
The following system of equations, of some infinite number of equations, can be arranged for all these agreements and assumptions:
Having rearranged and divided both sides of the k-th equation by Δt with transition to the limit from Δ → 0 t , we arrive at the following system of equations:
An initial condition for any of these equations can be written down in the following form:
The system of equations (4) is solved using the recurrence method.
Solution for k = 0
for = 0 t and = 0 (0) 1 P , hence = 0 1 C Solution for any k For any k, the differential equation takes the following form:
Such being the case, the following form of the solution is anticipated:
A derivative of the relationship (8) takes the form:
Having substituted the above-shown equation in the relationship (7), the following formula is arrived at:
C t e C t e k P t P t
Hence, the following equation is arrived at:
Equation (10) for k=1 takes the form:
The differential equation (11) in general notation takes the following form:
the solution to which is the below written relationship:
With formula (12) applied, solution to equation (11) can be written down in the following form: 
For k=2 equation (11) takes the form:
Solution to equation (14): 2  2  2  2  2  2  2  2  2  2  2  2  2  2  2  2  2  2 Hence,
The form of equation (16) allows us to predict notation of this function in the general case. The relationship takes the form:
With the relationship (17) applied, one can write down a solution to equation (7) . The solution takes the form:
With relationships (6) and (18) applied, it is possible to determine reliability (the non-occurrence of an undesirable event) of the means of transport in question. Reliability of the means of transport will be defined with a sum of probabilities of staying in states
Hence,
It should be noted that the following equality takes place: 
Based on the above-written relationship, the probability that an undesirable event will occur at time t is: 
Determination of failure rate of the means of transport's
Another factor that could be used to determine the risk is the failure rate (the rate of undesirable events -damages). The failure rate is a local characteristic of reliability. The failure rate is a conditional density of the probability that a failure arises at time instant t, under condition, however, that up to time instant t the means of transport has not suffered any failure.
The failure rate is expressed by the following relationship:
where: T -a random variable of the time of failure, t -time of work of the means of transport.
The following dependence takes place for any two conditional events A and B:
The event { } { } < < + Δ ∩ < t T t t t T overlaps with the event { } < < + Δ t T t t .
Having used this statement, one can rearrange relationship (23) into the form:
where: R(t) -reliability function, f(t) -failure density function.
Having used results gained in Section 2 of this paper, the following is arrived at: 
The failure rate can be used for the current monitoring of the risk and to determine the service life of the means of transport. A diagram of how to determine service life of the means of transport in question for the assumed risk level has been presented in Fig. 3 . With the definition for failure rate applied one can determine the current risk in the form of the probability that an undesirable event will occur in time interval 
P t T t t t t P t T
Hence, after simplification:
where: { } < < + Δ P t T t t -the probability that an undesirable event will occur in
{ } < P t T -the probability that up to time instant t the undesirable event has not occurred, Δt -work cycle of the capital asset, T -a random variable of correct operation of the means of transport.
Hence, { } { }γ
Relationship (28) 
For the means of transport operated in work cycles under conditions of restoration (repair), the probability that a failure/damage will occur can be determined with the following relationship:
Formula (30) 
Relationships (28) and (29) can be used to currently assess the risk for irrepairable engineering systems. On the other hand, relationships (30) and (31) can be used to currently assess the risk of failure for renewable (repairable) systems.
Final remarks
The paper has been intended to present a model that, in the general case, allow of the determination of rates assumed in the risk assessment dedicated analysis. The most essential relationships have been gained to assess the probability that an undesirable event will occur, and the rate thereof. The undesirable event in the case given consideration is a failure (damage) to a means of transport.
The essential formulae for risk evaluation have been based on either the probability that a failure to a means of transport will occur or the failure rate. In the literature, these quantities are closely related with various rates; working formulae applied in various fields of knowledge are arrived at to assess the risk.
Determination of correct relationships for risk assessment is closely connected with the current evaluation of health/maintenance status of a given means of transport. Lack of capabilities to thoroughly assess the health/maintenance status of the means of transport, together with signalled failures remaining undetected (overlooked) usually leads straightaway to catastrophic (rapidly arising) failures, which most often become causes of serious damages and crashes.
This method of the reliability assessment results in the capability to classify all types of failures to the means of transport according to the following pattern:
-signalled failures that can be removed with no consequences, -unsignalled rapidly arising (catastrophic) failures that usually have serious consequences in forms of damages to the means of transport.
Catastrophic (unsignalled) failures are analysed under the risk assessment methodology and practice. Usually, this is done in close relation to failures caused by fatigue and wear processes. Accumulation of fatigue cracks results in critical states that lead to more or less severe damages. The use of a means of transport until the crack reaches the permissible value followed with a catastrophic failure is an effective means of preventing such events.
As far as wear processes are concerned, the issue resolves itself into finding out the time of the means of transport service, when accumulating clearances in subsystems and changes in dimensions of components get jammed or suffer any other kinds of damages.
Some specific probabilities that undesirable events will occur, i.e. ones that take account of the physics of failure origination, would produce conditions conducive to better and more accurate assessment of risk throughout the process of the system's service; also, to some increase in safety and to better risk monitoring.
